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Abstract

The application of the backfire principle to endfire antennas
increases their gain by 4 to 6 db over that of the original gain-
maximized array.

This report. describes basic investigations on a 9080-Mcps
backfire antenna which was converted from an optimized Yagi an-
tenna. Backfire antenna models have also been successfully tested
at frequencies of 3000, 600, and 220 Mcps. " The design procedure
and physical dimensions are given for all models.

In addition, a method for building backfire antennas with gain

figures up to 25 db is discussed.
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Backfire Antennas for SHF, UHF, and VHF Bands

1. INTRODUCTION

The backfire principlé, which was introduced by one of the au-
thors in 1960,1 changes the efficiency of conventional endfire antenna’s
such that gain increases of 4 to 6 db can be obtained without increasing
their length. A general report on the application of the backfire prin-
ciple to a Yagi antenna was published in 1961. 2 Further information
can be found in Ref. 3. Figure 1 shows a sketch of this new antenna
type, the backfire antenna. The feed, directors, and the linear re-
flector, however, and the two linear reflectars mounted approximately
0.25 \ on either side of the center reflector are necessary as addi-
tions to convert the Yagi to a pfoperly performing backfire antenna.

It has been found that with this reflector combination, maximum effi-
cie}xcy and a good control -of the back and sidelobe levels can be ob-
tained. Therefore all backfire antenna typc;s described in this report

make use of this reflector combination.

Keceived for publication 15 March 1963.
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‘Figure 1. Sketch of the Backfiré.Antenna

Figure 2 shows a companson of a Yagi and a backfzre antenna" SR

with the same gain, 14.5db above dipole. The Yagi array, fed bya’ ;f‘.‘-'...":... A

: d1pole with a hnear reflector behxnd it, has a length of 7. 2 k and
needs. 35 d1rectors if a consta.nt spacing of 0. 2\ .ig chosen.’ The
backfire antenna, however, is but 1.5\ in length and has for the

" same spacing only 8 elements, 5 dxrectors and 3 11near reflectors., T

The plane reflector ha.s the dimensions, 2. AX 2\ The comparabie;,'.

antenna types differ’in length by a factor of 4. 8. .
In this report models of backfire antennas’ for the fol.lowmg
‘frequency bands are described: - PR
SHF band for 9080 and 3000 Mcps
UHF band for 600 -Mcps. ) . .
VHF band for 220 Mcps. ' e R




BACKFIRE ANTENNA
Number of elements 8
Plane reflector 2Ax2)

YAGI ANTENNA
Number of elements 36

. P 7 LA L Al Ll L L L L L L L L L L LS
A A AR Ao oy A A o

Figure 2. Comparison of a Yagi and a Backfire Antenna for
the Same Gain, 14.5db Above Dipole
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Figure 3. Sketch of Backfire Antenna for X Band



2, BACKFIRE ANTENNAS FOR SHF BAND

2,1 9080-Mcps Measurements (X Band)

All basic measurements and general investigations of the back-
fire principle were performed at 9080 Mcps (A = 3.3 cm). For these
experiments a Yagi antenna with monopoles on a ground plane was
first measured, and then converted to a backfire antenna. The Yagi
endfire array was constructed on a circular plate (Figure 3) fitting
flatly into a large ground plane. The director elements were small
brass rods fitted to holes drilled in the'plate. Their spacing was
kept constant at 0,2\ and their height could be easily adjusted with
a modified depth gauge. For the conversion of the Yagi to the back-

fire antenna, two linear reflectors and a plane reflector were added,
as shown in Figure 3. The directors had to be adjusted to 2 new opti-
mum height for maximum gain.4 By feeding them from beneath the
ground plane, these models were used as transmitting antennas. The
receiver was conneéted to a horn situated at the appropriate end of
the ground plane, a distance of 100 A\. A calibrated attenuator in the
energizing circuit made possible the measurement of gain figures to
an accuracy of £0.1db. Farfield antenna patterns could be measured
by rotating a mount connected to the circular plate on the ground plane.
The results were plotted with a synchronized pattern recorder. A
sketch of the experimental setup is shown in Figure 4, while Figure

5 is a photograph of the actual X-band range, with the rotatable circu-
lar plate in the foreground and the receiving horn in the background
at the opposite end of the ground plane. Figure 5 also shows the tech-
nique for measuring phase velocity and element currents. A very
small probe is moved along the row of elements as described in Refs.
4 and 5. All gain measurements were referred to the feed radiation
alone. Therefore, all gain figures in db' represent the gain of the
Yagi or backfire antenna on the ground plane ¢bove the fed half dipole
that is also on the ground plane, or the gain of the free space Yagi

or backiire antenna above a dipole.
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ATTENUATOR
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MODEL SET-UP AT X-BAND

Figur;a 4. Sketch of Model Setup at X Band

Figure 5. Experimental Setup for Measuring Patt'ex.'n,
Phase Velocity, and Element Current of Yagi and Back-
fire Antennas.



With the positioning of & fed half dipole at one edge of the cir-
cular plate, the plane reﬂector had to be placed at the. opposite end-
of the Yagi antehna in order to'create the backfire. The main lobe of
the pattern is now shxfted by 180° from its previous position. The
H-plane radtatxon patterns of a Yagi 2 \ in length and the converted
backfire with the same length are shown in Figu're 6. The plane re-
flector .of the backfire had a size of 1.25 A X 2.50 \; the two outside
lmear reflectdrs were spaced 0.20 \ from the center reflector The

’ con*_.'ersmn from. Yag1 to backfire resulted in a gain increase of 5.2db
and decreased the. stde and back lobes stgmflcantly The ‘half-power

. bearhwuith was reduced from 41° to 24.5° .
' It has’ been found that for best ‘results, the add1t1ona,l linear

', reflectors should be located at a dlstance of 0.20 \ to 0.35 \ from the
center reflector By changmg t‘heu- length and spacing, the beam-
wxdth and sxdelobe and backlobe level can be varted slightly. °

. df sttll greater mfluence on the gam and rad1at1on pattern of .

- a backfu-e antenna 1s the s1ze of its plane reflector *In order to de-
- termine the reflector size, d semes of gain'and sideldbe level mea-
surements were performed on a; backhre antenna, 1.5 x in length.
The plane reflector was varied from 0.50.A X 1.00 \ to1.50 A% 3.00 %
in five steps " The: results are shown’ in the curves of Flgure 7, gain
and halfpow.er beamw1dth as a functxon of reflector size, and Figure
8 f1rst 31delobe and backlobe levels as a function of reflector size.
It can-be seen from Fxgure T that maxunum gam is obtained for a
plane reflector .suze of 1.25 xx Z 50 x, But the narrowest beamwidth

- occurs with dunenstons of 1. 00 xx 2 00 . Accordmg to Figure 8,
the first stdelobe is lowest in the reglon bétween these two reflector
“sizes, wh1le the backlobe decreases’ continuously with an increasing

. reflector slze, ‘as expected. The 1. 00 A X 2.00 \ reflector size was
"chosen £or the optunum antenna due to the narrow half-power beam-

width while the gain was very close to maximum.
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The physical dimensions for the optimized backfire antenna,

similar to'that shown in the sketch of Fighre 3, were the following:

Number of directors

5

Height of directors 0.162\
Spacing of directors 0,200\
Number of linear reflectors 3 o
Height of center reflector 0.230\
Height of outside reflectors 0.204 )\
Spacing of center reflector from feed _ . 0.200X
Spacing betweén reflectors ‘ 0.333\
Dimensions of plane reflector 1.0Ax 2.0\
Spacing between plane reﬂector and last d1rector 0.300\
Height of feed 0.212
Diameter of all elements 0.048 )

The gain above dipole was 14, 4db' and half-power beamw'idths were-
25.5% in the E and 28° in the H plane.

If higher gain is needed, two or more backfire antennas can be
arranged in front of a common plane reflector Such an antenna is _
described in Ref. 2. It ha's a length of 3, 6 A and with a half circu-
lar reflector of 2.5\ radlus, develops a gam of 21 db above dlpole
The same gain can also be achleved with an elhptmally formed plane

. reflector of major axis 5.0\ and minor axig 2.5 x

2.2 3000-Mcps Measurements (5 Band) ‘

The first free-space backfire antex_lna was built f'or a'frqquedcy )
of 3000 Mcps (A = 10 cm), ‘with a length of 1.5\. The dimensions
were scaled as close -as possible to those at X band. ' The director
and reflector elements were fabrxcated of 3 l'6 in. diameter brass e
tubmg (d = 0.481)) and fitted with pms for length adJustment ‘Direc-
tor spacing was also kept constant at 0.20 \. The plane reflector
had a.s1z.e of 2.0\ X 2.0 X\ which corresponds to the 1.0\ X 2.0\

_reflector on the ground plane.. Only the spacing of the linear reflectors '
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was modified to 0. 20 \ for mechanical reasons. All elements were
mounted on a boom of% in. diameter brass tubing (d = 0.127)\). A
precast S-band dipole was employed as the energizing element. A

‘sketch of the model is shown in Figure 9.

Figure 9. Sketch of the
3000- Mcps Backfire Antenna

Farfield pattern measurements were l;erformed in a micro-
‘wave reflection-free room. The test model, used as a receiver,
was built on a small antenna .mount., which was connected to a syn-.
chronized pattern recorder. A dipole with a parabolic reflector was

used as the transmitter.
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Measurements showed that scaling could not be accomplished in
perfect agreement with X-band data. This lack of agreement may be
attributed to the relatively large size of the boom. The heights of the
directors and reflectors required new adjustments for maximum gain.

The following dimensions were found experimentally:

Number of directors 5
Length of directors 0.406 )
Spacing of directors 0.200»
Number of linear reflectors 3
length of center reflector 0.575 \
Length of outside reflectors 0.500 %
Spacing of center reflector from feed 0.200\
Spacing between reflectors 0.200\
Dimerisions of plane reflector .2.0n%x 2.0
Spacing between plane reflector and last director 0,300 )
Length of feed 0.500\
Diameter of elements -0.048\

The pattern of this cptimized 1.5 \ backfire is shown in Figure 10.
The measured gain is 14.5 db and the half-power beamwidth is 25..5°
in the H plane. These agree excellently with the corresponding values
for the X-band model. The side and backlobe levels are even lower

than in the X-band case.

3. UHF MEASUREMENTS

Due to equipment and test ra}xge capabilities at AFCRL, a fre-
quency of 600 Mcps (A = 50 cm or 19.7 in.) was selected for a back-
fire antenna in the UHF range'. Scaling from X- or S-band models
could not be accomplished without having elements with extremely
large diameters. Therefore, the elements were constructed from
i. in. diameter aluminum rod (d = 0.0127 \) and fitted with thin alumi-

num sleeves for case in length adjustment. Aluminum tubing of % in.
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diameter (d = 0.032 \) was used for the boom, while the plane reflector
was constructed of a 2\ X 2 ) sheet of expanded aluminum and mounted
on awooden frame as shown in Figure 11. The backfire model again
had a length of 1.5 \ and the director spacing was 0.20 \. For the best

pattern, the spacing between the linear reflectors was selected as 0. 30 \.
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For the best performance, the backfire had the following dimen-

sions:

Number of directqrs
Length of directors
Spacing of directors

L3812\
.200 )\

5
0
0
Number of linear reflectors . 8
‘Length of center reflector 0.514\
Length of outside reflectors 0.412\
Spacing of center reflector from feed . 0.200 )
Spacing between reflectors 0.300

2

0

0

0

LOAX 2.0\
.300 .

.450 \
. 0127 %\

Dimensions of plane reflector )
Spacing of plane reflector from last director

Length of feed

Diameter of elements

The farfield pattern for horizontal polarization of this antenna is
shown in Figure 12. The gain measured approximately 14 db above
a dipole with the first sidelobe and backlobe, 16 db and 20 db below

maximum.

4. VHF MEASUREMENTS

Meas{lrements in the VHF range were made on 220-Mcps back-
fire antennas at the AFCRL Ipswich Field Station and are described
in Ref. 6. A photograph of a 2 \ long backfire model is shown in
Figure 13. The construction is very similar to that of the UHF model
as it also employs elements of aluminum rod and a plane reflector of
expanded aluminum. The element spacing is again 0.20 \. A far-
field pattern of a 1 A 200-Mcps backfire antenna is shown in Figure 14.
For comparison the pattern of the Yagi, before it was converted, is
shown. The gain of the backfire was increased by 4. 6 db over that
of the Yagi, and the half-power beamwidth decreased from 48° to 34°.
At the same time, the backlobe was decreased significantly.
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Figure 12. E-Plane Farfield Pattern for a 1.5 \ Backfire Antenna

In order to obtain these results the antenna dimensions had to

‘be adjusted to the following dimensions:

Number of directors
Length of directors
‘Spacing of directors

Number of linear reflectors

Length of center reflector

Length of outside reflectors

Spacing of center reflector from feed
Spacing between reflectors

0.350
0.200\

0.503\
0.410
0.200\
0.200x
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Figure 13, A Backfire Antenna for 220 Mcps
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5. CONCLUSIONS

The experimental work performed on the backfire antennas,
which were converted Yagis, shows that the backfire principle is ap-
plicable to endfire antennas for a wide range of frequencies. The
gain of the backfire antenna is between 4 and 6 db higher than that of
an optimized endfire antenna of the same length; conversely, to achieve
the same gain, the backfire antenna needs to be only i.to ,_1,; as long as
the ordinary endfire antenna. By stacking a number of backfire an-
tennas in front of a common plane reflector, gain figures of 25 db can
be obtained.  The size of the plane reflector is the only limiting factor
for applications of the backfire principle, especially at the lower fre-
quencies.

The backfire antenna may have a wide application to the field
of medium gain antennas (10db to 25 db), when conventional endfire
antennas are becoming too long and parabolic dishes are still too

expensive,.
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